surgery. The remaining two shoulders were asymptomatic at the time of testing.
Raters
Inter-rater reliability trial Four raters, identified here as A to D were used for the inter-rater reliability trial. Rater A was an orthopaedic surgeon, Rater B was a sports physician trainee and Raters C and D were qualified physiotherapists. All raters tested all eight subjects with the five range of motion assessment tests. All raters were blinded to the results of each other's assessments.
Intra-rater reliability trial Only Rater A was used for the intra-rater reliability trial. This rater tested all nine subjects (including the one subject being tested bilaterally) on three separate occasions within a 48 hour period, using the same five range of motion assessment tests. The operating/treating surgeon was not involved in assessments for the inter-rater or intra-rater reliability trials.
Measurement tests
The five tests used for measuring range of motion for both the inter-rater and intra-rater trials were:
1. Visual estimation of passive range of motion (measured in degrees) for the movements of flexion, abduction, external rotation and hand behind back (measured to the vertebral level). The subject was seated upright on the edge of a treatment table with feet supported on a footstool. The rater moved the affected extremity (thumb pointing upwards) to the end of passive range of shoulder flexion, abduction and external rotation (0 degrees glenohumeral joint abduction, 90 degrees elbow flexion, neutral supination/pronation forearm position) and made a visual estimation of each resultant angle. For maximum passive hand behind back position, the rater moved the affected extremity upwards and towards the midline to the highest vertebral level reached by the tip of the subject's extended thumb.
2. Goniometry (measured in degrees), using a plastic, 41cm universal goniometer, for the active movements of flexion, abduction and external rotation. The subject was positioned as for visual estimation tests. The subject moved the affected extremity (thumb pointing upwards) to the end of active range of shoulder flexion, abduction and external rotation (0 degrees glenohumeral joint abduction, 90 degrees elbow flexion, neutral supination/pronation forearm position). The flexion angle was formed by aligning the goniometer with the lateral epicondyle of the humerus, the middle of the glenoid fossa, and a vertical line in the coronal plane. The abduction angle was formed by aligning the goniometer with the lateral epicondyle of the humerus, the middle of the posterior glenohumeral joint line, and a vertical line in the sagittal plane. The external rotation angle was formed by aligning the goniometer with the ulna styloid process, the olecranon process of the ulna, and a horizontal line in the transverse plane.
3. Still photography, using a standard polaroid camera, for the active movements of flexion, abduction and external rotation. Each rater labelled eight reference points on each subject prior to the commencement of photographic testing using the following bony landmarks: T1 spinous process, T7 spinous process, postero-lateral acromion process of the scapula, lateral epicondyle of the humerus, a point 6cm inferior to the postero-lateral aspect of the acromion process of the scapula, end of rib 12, olecranon process of the ulna, and ulna styloid process.
For flexion and abduction, the subject stood with feet shoulder width apart. For external rotation, the subject was supine and the affected extremity was supported on the treatment table (0 degrees glenohumeral joint abduction, 90 degrees elbow flexion, neutral supination/pronation position). The subject moved the affected extremity (thumb pointing upwards) to the end of active range of shoulder flexion, abduction and external rotation. The rater took a polaroid photograph of each end of range position from a perspective aligned with the axis of joint motion. Using a plastic 15cm goniometer and the developed photograph, the rater manually calculated the resultant joint angle in degrees. The flexion angle was formed by joining the lateral epicondyle, the point 6cm below the postero-lateral acromion process, and the end of rib 12. The abduction angle was formed by the intersection of a line that ran through the lateral epicondyle and the postero-lateral acromion process and another line that ran through T1 and T7 spinous processes. The external rotation angle was formed by joining the ulna styloid process, the olecranon process of the ulna, and a vertical line that passed through the olecranon process of the ulna. Each rater removed the labels prior to directing the patient to the next rater.
4. Stand and reach test of maximum overhead reach (measured in centimetres), using a metric vertical wall scale. The subject's standing head height (measured in centimetres) was measured against a metric vertical wall scale. The subject turned to face the wall and reached the affected extremity to a maximum overhead position. The stand and reach value was recorded as the position of maximum reach minus the patient's standing head height.
5. Tape measured distance of hand behind back reach in centimetres. The subject was standing with feet shoulder width apart. With thumb extended, the subject reached the affected extremity upwards and towards the midline to a maximum hand behind back position. The rater used a tape measure to record the distance in centimetres from the thumb tip to T1 spinous process.
Procedures For the inter-rater trial, all raters were briefed on the study protocol and a five hour training session was conducted to ensure familiarisation and standardisation of the five range of motion tests. The intra-rater trial was conducted several weeks after the inter-rater trial and involved a different group of subjects. Both trials followed the procedures described.
For each test, raters were asked to correct for compensatory Australian Journal of Physiotherapy 2001 Vol. 47 290 scapulothoracic or upper body movement and to ensure that each movement occurred in the appropriate cardinal plane (sagittal plane, coronal plane and transverse plane for flexion, abduction and external rotation, respectively). All measurements were taken at the pain limit to range of motion. Each rater performed all five tests on a given subject before commencing assessment of the next subject. This procedure was repeated until all eight subjects had been measured by all four raters.
The order of the raters was randomised for each subject in the inter-rater trial. The order of the subjects was randomised for the intra-rater trial. With the exception of visual estimation, which was performed first, the order of the other four tests was random. This was done to prevent inadvertent biasing of the estimated angle with known cardinal data such as that provided by the goniometer.
Statistical analysis
For the inter-rater and intra-rater reliability trials, two-way random effect intra-class correlation coefficients (2,1) (Rho), together with their confidence intervals, were calculated with SPSS statistical software (Yaffee 1998) . In accordance with the suggestions of Fleiss (1986) , a Rho value of < 0.4 was deemed as representing poor reliability; 0.4-0.75 as fair to good reliability; and > 0.75 as excellent reliability.
In addition, the standard error of the measurement (SEM) and 95% confidence intervals (±2 SEM) were calculated for each range of motion test and expressed in units of the measure. The standard error of the measurement was calculated according to the equation: SEM = SD x √ (1 -ICC), where SD is the standard deviation and ICC is the Rho score (Portney and Watkins 1993) .
Results

Intra-class correlation coefficient
The intra-class correlation coefficient (Rho score) is an index of reliability for measurements of the same material. Two types of measurement reliability can be distinguished according to whether each of several raters independently measures the same material (inter-rater reliability), or whether one rater makes two or more measurements of the same material (intra-rater reliability). An instrument with a Rho score of 1 will produce the same measurement each time it is used. In contrast, an instrument with a Rho score of 0 will produce markedly different measurements. The confidence interval of the intra-class correlation coefficient represents a range of possible Rho scores, on the basis of the sample data, for the population score (95% probability).
Inter-rater reliability trial The inter-rater intra-class correlation coefficients (Rho) for each movement tested with each of the range of motion tests are displayed in Table 1 . Inter-rater reliability and standard error of the measurement for five methods of assessing shoulder range of motion. Each test was performed on eight subjects by four raters. Intra-class correlation coefficients (Rho) were calculated using a twoway mixed effect model. Mean, standard deviation and range of scores were calculated from the raw data. (SD = standard deviation, ICC = intra-class correlation coefficient, CI = confidence interval, SEM = standard error of the measurement).
For the movements of flexion, abduction and external rotation, agreement between the four raters was fair-good as assessed by visual estimation (Rho = 0.70, Rho = 0.66, Rho = 0.57), goniometry (Rho = 0.69, Rho = 0.69, Rho = 0.64) and still photography (Rho = 0.73, Rho = 0.73, Rho = 0.62). Fair-good reliability was also demonstrated for the stand and reach test (Rho = 0.74). For the movement of hand behind back, measured passively to the vertebral level, and as an active reach, agreement between the four raters was poor (Rho = 0.26, Rho = 0.39).
Intra-rater reliability trial
The intra-rater intra-class correlation coefficients (Rho) for each movement tested with each of the range of motion tests are displayed in Table 2 .
For the movements of flexion, abduction and external rotation, agreement between the three ratings was fair-good as assessed by visual estimation (Rho = 0.59, Rho = 0.60, Rho = 0.67), goniometry (Rho = 0.53, Rho = 0.58, Rho = 0.65) and still photography (Rho = 0.56, Rho = 0.61, Rho = 0.60). Fair-good intra-rater reliability was also demonstrated for the stand and reach test (Rho = 0.49). For the movement of hand behind back, measured passively to the vertebral level, and as an active reach, intra-rater agreement was poor (Rho = 0.14, Rho = 0.39).
Standard error of the measurement
The standard error of the measurement is a measure of discrepancy (error) between repeated scores. For the inter-rater trial, the standard error of the measurement represents the extent of error associated with different raters' scores. For the intrarater trial, the standard error of the measurement represents the extent of error associated with retesting. The confidence interval of the measurement represents the smallest difference attributable to status change, as distinct from measurement error (95% probability).
Inter-rater reliability trial
The standard error of the measurement (SEM) together with the mean, standard deviation and range of scores for each movement tested with each of the range of motion tests, are displayed in Table 1 .
For the movements of flexion, abduction and external rotation, the standard error of the measurement ranged from 14-19 degrees for visual estimation, 14-25 degrees for goniometry, and 15-23 degrees for still photography. For the stand and reach test, the standard error of the measurement was three centimetres. For the movement of hand behind back, measured passively to the vertebral level, and as an active reach, the standard error of measurement was two vertebral levels, and six centimetres respectively. Intra-rater reliability and standard error of the measurement for five methods of assessing shoulder range of motion. Each test was performed on nine subjects, on three occasions by a single trained rater. Intra-class correlation coefficients (Rho) were calculated using a two-way mixed effect model. Mean, standard deviation and range of scores were calculated from the raw data. (SD = standard deviation, ICC = intra-class correlation coefficient, CI = confidence interval, SEM = standard error of the measurement).
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Intra-rater reliability trial For the movements of flexion, abduction and external rotation, the standard error of the measurement ranged from 11-21 degrees for visual estimation, 14-23 degrees for goniometry, and 13-22 degrees for still photography. For the stand and reach test, the standard error of the measurement was 13 centimetres. For the movement of hand behind back, measured passively to the vertebral level, and as an active reach, the standard error of measurement was two vertebral levels, and six centimetres, respectively.
Discussion
The results of this study demonstrated fair-good reliability for visual estimation, goniometry, still photography and the stand and reach test for the movements of shoulder flexion, abduction, external rotation and overhead reach in patients with a variety of orthopaedic shoulder disorders (rotator cuff repair, adhesive capsulitis and scapulothoracic fusion) when assessed by either an individual trained measurer or by a number of trained measurers. Hand behind back, whether tested passively or as an active reach, was found to be the least reliable movement of this study. Williams and Callaghan (1990) have shown that in the normal shoulder, visual estimation when employed by an experienced clinician permits measurements that are as reliable as those obtained with a mechanical goniometer. Using one asymptomatic subject, Low (1976) showed that examiners from various clinical backgrounds were more consistent in measuring full elbow flexion and full wrist extension positions with a goniometer than by estimating the same angles by eye. While there is some evidence to suggest that the goniometer can be used reliably for measuring certain shoulder joint movements (Boone et al 1978) , studies of the shoulder in symptomatic patients are limited. In a comprehensive evaluation of passive shoulder range of motion in symptomatic subjects, Riddle (1987) reported variable results (Rho = 0.26-0.90 inter-rater; Rho = 0.87-0.99 intra-rater). The results of this study showed comparable reliability for visual estimation and goniometry for both the inter-rater (visual estimation Rho = 0.57-0.70; goniometry Rho = 0.64-0.69) and the intra-rater (visual estimation Rho = 0.59-0.67; goniometry Rho = 0.53-0.65) trials.
Photographic procedures have been shown by Fish and Wingate (1985) to be more reliable than goniometry for measurements of elbow joint position in an asymptomatic subject. In the present study, all movements measured by still photography (active range of motion) demonstrated fair-good reliability for both the inter-rater trial (flexion Rho = 0.73, abduction Rho = 0.73, external rotation Rho = 0.62) and the intra-rater trial (flexion Rho = 0.56, abduction Rho = 0.61, external rotation Rho = 0.60). In general, comparable reliability and measurement error was demonstrated for visual estimation, goniometry, and still photography. Of note, large confidence intervals were associated with these same tests for the inter-rater trial (visual estimation = ± 28-38 degrees; goniometry = ± 28-50 degrees; still photography = ± 30-6 degrees) and the intra-rater trial (visual estimation = ± 22-42 degrees, goniometry = ± 28-46 degrees; still photography = ± 26-44 degrees). On the basis of this data, large differences in repeated scores are therefore prerequisite when using these tests to assess actual change in clinical status.
We evaluated the stand and reach test as it is a functional movement of practical importance. The results of this study demonstrated fair to good reliability for the stand and reach test (inter-rater Rho = 0.74; intra-rater Rho = 0.49). Interestingly, this test was associated with a smaller standard measurement error for the inter-rater trial (3cm) than for the intra-rater trial (13cm).
Poor reliability was demonstrated for both hand behind back tests for both the inter-rater trial (Rho = 0.26 for passive hand behind back; Rho = 0.39 for active reach ) and the intra-rater trial (Rho = 0.14 for passive hand behind back; Rho = 0.39 for active reach). These findings may be a reflection of the complexity of the movement itself. To effect the manoeuvre, contributions to range of motion are required from the shoulder complex, elbow, forearm, wrist and hand. Alternatively, the lower reliability associated with this movement may reflect an attenuated range of available scores. In the presence of certain shoulder joint pathologies, hand behind back range of motion is frequently diminished (Murrell and Walton 2001) . There was a standard measurement error of two vertebral levels for passive hand behind back and six centimetres for active hand behind back reach for both the inter-rater and intrarater trials. Hand behind back range of motion is of functional importance and one that warrants further reliability testing.
The intention of this study was not to compare the reliability of active and passive range of motion tests for the shoulder joint, in symptomatic subjects. Rather, this study established the reliability and measurement error of five range of motion tests currently performed in clinical practice.
Both the inter-rater and intra-rater trials were conducted over a relatively short timeframe. The reliability of these methods for longer reassessment timeframes requires that the raters do not change their technique. This study did not establish the reliability of shoulder range of motion assessments over time.
Estimates of measurement reliability are applicable to the range of test scores and to the conditions of assessment.
The mean values obtained for flexion, abduction and external rotation, for the inter-rater and intra-rater trials (Table 1 , 2) show that most subjects obtained scores for these movements in the upper ranges of motion. We did not determine the reliability of these tests for scores measured primarily in the lower ranges of motion.
In summary, fair to good reliability was demonstrated for three shoulder movements assessed by visual estimation, goniometry and still photography for both the inter-rater and intra-rater trials. Standard measurement errors in the range of 14-25 degrees for the inter-rater trial, and 11-23 degrees for the inter-rater trial for these three tests highlighted considerable variation in the precision associated with range of motion testing of the shoulder joint in symptomatic subjects.
